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COMPLETE SPECIFICATION 

Infinitely Variable Cone Pulley Gear 



I, Werner Reimers, of German Nationa- 
lity, personally responsible partner of the 
firm Reimers - Getriebe Kommandit - 
Gesellschaft of Ascona, Switzerland, do 
hereby declare the invention, for which I pray 
a patent may be granted to me, and the method 
by which it is to be performed, to be parti- 
cularly described in and by the following 
statement: — 

The present invention relates to an in- 
finitely variable gear of the type which com- 
prises two sets of conical pulley disks, each 
set^ consisting of a pair of conical disks of 
which one is fixed and the other is movable 
in the axial direction, on a gear shaft carrying 
the set, an endless flexible driving member 
such as a belt or chain connecting these two 
sets of conical disks, and mechanical means 
for exerting the necessary axial bearing pres- 
sure upon the conical disks to trans- 
mit the frictional forces from the coni- 
cal disks to the belt or chain or 
vice versa. The most preferred con- 
ventional gears of this type are provided with 
piessure-appiying devices which permit axial 
contact pressures to be produced which are 
dependent not only upon the torque acting 
upon the particular shaft but also upon the 
particular transmission ratio to which the gear 
has been set. This dependency upon the torque 
as well as upon the transmission ratio is of 
great advantage because it permits the axial 
bearing pressure always to be made of such a 
size that the belt or chain will be reliably 
prevented from slipping between the two sets 
of conical disks and also because these axial 
forces will then never be greater than abso- 
lutely required for transmitting the necessary 
frictional forces. The gears of this kind are 
generally provided with equal pressure- 
applying means on the driving and driven 
shafts since it often occurs that the direction 
of the driving torque changes, which means 
that the normal driving shaft becomes the 
driven shaft and vice versa. 

A gear of this type consists more specifl- 
[Pri- 



cally of a conical pulley disk on each gear 
shaft which is prevented by an end stop from 
yielding in the axial direction, and of a second 
conical disk on each shaft which is connected 
to the axially fixed disk so as to be non- 
rotatable but axially slidable relative thereto. 
The end surface of the hub of the axially 
movable disk is provided with several — 
usually three — cam tracks which are equally 
spaced from each other and each of which 
has a shape of two adjacent helical surfaces 
with an opposite pitch and different and 
changing inclinations. The gear shaft which 
carries these conical disks and is freely rotat- 
able relative thereto is further provided with a 
cam ring which is nonrotatably connected 
thereto and provided on its annular end surface 
with cam tracks of the same shape as those on 
the hub of the axially movable pulley disks. 
The opposite cam tracks in the end surfaces 
of the hub of the axially movable disk and the 
cam ring are separated by rolling elements, 
for example, steel balls. 

When a torque is taken oft' the driven shaft, 
the balls between the cam tracks will transmit 
the torque from the friction disks to the shaft. 
The balls are then located on the cam tracks 
in a position which depends upon the particular 
transmission ratio which is set up at that time. 
Simultaneously with the transmission of the 
torque, axial bearing pressures are, however, 
also produced which press the conical disks 
against the belt or chain. These axial forces 
are proportional to the torque which is taken 
ofi. Their absolute strength depends upon the 
tangential force which results from the torque 
and the pitch of the cam tracks at the par- 
ticular point at which the balls are located at 
that time in accordance with the particular 
transmission ratio to which the gear is set. At 
the same time, the torque acting upon the 
driving shaft is transmitted in the same manner 
to the conical disks so that an axial bearing 
pressure is exerted thereon. 

For maintaining a certain transmission ratio 
in the gear according to the prior art, each 
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set of conical disks is associated with a 
hydraulic piston which acts parallel to the 
mechanical pressure-applying device between 
the gear shaft and the axially movable disk 

5 thereon. 

The hydraulic pressure of this piston is con- 
trolled by a distributing slide valve which is 
connected to one of the axially movable 
conical disks. The helical surfaces of the cam 

10 tracks which extend in opposite directions 
to each other are inclined at such angles that 
the bearing pressures which are produced 
mechanically on the driven shaft are greater 
than the mechanically produced forces on the 

15 driving shaft. A particular transmission ratio 
can therefore be maintained only if the 
mechanical bearing pressures on the driving 
shaft are supported by hydraulic forces. 
For the purpose of selecting a certain trans- 

20 mission ratio, that is, a certain position of the 
axially movable disks, the lever which con- 
nects the distributing slide valve to the conical 
disk is provided in the form of a two-armed 
lever the free end of which is arbitrarily 

25 adjustable. 

If in a gear which is provided with a 
mechanical pressure-applying device of the 
type as above described the direction of the 
torque changes, while the direction of rotation 

30 remains the same, as it occurs, for example, 
in the gear Gf a motor vehicle when the latter 
drives at first uphill at which time the engine 
drives the driving wheels of the vehicle through 
the gear, and when the vehicle then continues 

35 to drive downhill when the wheels of the 
vehicle drive the engine through the gear and 
the engine then works as a brake, the balls 
of the pressure-applying device must disengage 
from one of each pair of helical surfaces of 

40 the cam tracks at the moment when the torque 
changes in direction and be applied against 
the opposite inclined helical surfaces of each 
pair of cam tracks. Each of the two gear shafts 
then carries out an angular movement relative 

45 to the pair of conical disks thereon. The extent 
of this movement depends upon the particular 
transmission ratio to which the gear is set. 

As a result of this angular movement and 
the impact of the balls upon the helical sur- 

50 faces of the cam tracks at their new point of 
operation, impact stresses occur which may 
exert a destructive effect upon the gear ele- 
ments, especially if the torques are of a con- 
siderable size, apart from the fact that impact 

55 and rebound effects may then for a short time 
prevent entirely any power transmission 
between the conical disks and the belt or chain. 

Attempts have in the past been made to 
reduce these disadvantages by designing the 

60 cam rings so as to be axially slidable so that 
during their reversing movement they were 
acted upon by a spring to follow the balls 
which are rolling downwards along the cam 
tracks, while during the following upward 

65 movement of the balls to their new position, 



the cam rings were returned to their original 
position by being strongly retarded by 
mechanical or hydraulic means. These attempts 
were only able to reduce the mentioned^ dis- 
advantages but never to obviate them entirely. 70 

An object of the present invention is to 
overcome these disadvantages of the. conven- 
tional pressure-applying devices of the type as 
described above, while maintaining all of their 
considerable advantages. More particularly it 75 
is an object of the invention to prevent the 
occurrence of any angular movements between 
the conical disks and the gear shafts when a 
reversal of the torque occurs, so that all im- 
pact stresses will be avoided and the full bear- 80 
ing pressure will remain effective between the 
conical disks and the belt or chain even at such 
a time. 

According to the present invention there is 
provided an infinitely variable gear having two 85 
sets of conical pulley disks, each set consisting 
of a pair of conical disks of which one is 
fixed and the other is movable in the axial 
direction on a gear shaft carrying the set, an 
endless flexible driving member connecting the 90 
two sets of conical disks, a mechanical pres- 
sure-applying device for producing the axial 
bearing forces required for the transmission of 
the frictional force between the conical disks 
and said driving member in response to the 95 
load acting upon the respective driven shaft 
and to the particular transmission ratio of the 
gear, and further having a hydraulic control 
mechanism for arbitrarily adjusting the trans- 
mission ratio, and a control element for deter- 100 
mining the pressure of the pressure fluid in 
accordance with the axial displacement of one 
of the axially movable disks which varies with 
a change in load, characterized in that, in order 
to permit each gear shaft to be used alterna- 105 
tively either as a drive shaft or as a driven 
shaft, each set of disks is provided with a 
separate mechanical pressure-applying device 
for a given direction of rotation having cam 
tracks of only one pitch direction, and each set 110 
of disks is provided with a separate hydraulic 
turning device for transmitting to the set of 
disks the torque from the associated shaft 
when the latter functions as the drive shaft, 
the hydraulic turning device being operable by 115 
the hydraulic control mechanism and so as to 
act in a direction opposite to the direction in 
which the cam tracks of the mechanical pres- 
sure-applying device of that set of disks would 
be required to work if said tracks had. to 120 
transmit the torque from that shaft function- 
ing as the drive shaft to that set of disks func- 
tioning as the driving disks, the hydraulic 
turning device and the mechanical pressure- 
applying device of each set of disks being 125 
connected, on the one hand, to the associated 
shaft and, on the other hand, to the axially 
movable disk of the set, the arrangement being 
such that the torque on the set of disks func- 
tioning as the driven set is transmitted solely 130 
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by means of the mechanical pressure-applying 
device thereof from these disks to the shaft 
and the torque on the set of disks functioning 
as the driving set is transmitted solely by 
5 means of the hydraulic turning device thereof 
from the shaft to these disks, and such that a 
part of the tangential force produced in the 
hydraulic turning device of the driving set of 
disks by the control mechanism acts upon the 

10 mechanical pressure-applying device of that set 
of disks and by means of that pressure-apply- 
ing device produces a bearing force effective in 
the axial direction which through the said 
flexible driving member of the gear is held 

15 in a state of equilibrium with the axial force 
produced by the mechanical pressure-applying 
device of the driven set of disks. 

Thus, while the transmission of the torque 
and the production of the bearing pressure on 

20 the set of disks functioning as the driven set 
are carried out by the same element, namely, 
the mechanical pressure-applying device, two 
different elements are provided for this purpose 
on the set of disks functioning as the driving 

25 set, namely, the hydraulic turning device for 
the transmission cf the torque and the 
mechanical pressure-applying device for pro- 
ducing the bearing pressure. The mechanical 
pressure-applying device is arranged on the 

30 driving shaft in such a manner that the torque 
acts in a direction opposite to the direction 
of the natural effect of the cam track inclina- 
tion. The tangential force which is active in the 
hydraulic turning device prevents, however, the 

35 balls from disengaging from the cam tracks 
and, by means of the control mechanism which 
traces the axial movement of the friction disk, 
it is made of such a size that the axial bear- 
ing force which is produced by the inclination 

40 of the cam tracks corresponds to the respective 
load upon the gear, which means that any un- 
desired displacement of the axially movable 
friction disk and thus any undesired change 
in the transmission ratio will be prevented. 

45 Thus, when the direction of the torque changes, 
the balls remain in engagement with the cam 
tracks, the only difference being that the tan- 
gential force which effects this engagement is 
no longer produced hydraulically but is de- 

50 rived directly from the torque to be trans- 
mitted. The object of the present invention is 
thus attained. If the gear should be selectively 
usable in either direction of rotation, the pres- 
sure-applying device is to be provided with 

55 cam tracks which are ascending in one direc- 
tion for each direction of rotation. The turning 
device must then likewise be capable of trans- 
mitting torques selectively in either direction 
of rotation. 

60 The hydraulic turning device may be of 
diiferent constructions. Thus, for example, it 
may be made in the form of a rotary piston 
which consists of a number of partitions which 
are uniformly distributed over the periphery of 

65 the respective gear shaft and project radially 



therefrom, and of a housing which surrounds 
these partitions and is rotatable but fixed in 
the axial direction relative to the gear shaft and 
connected to the axially movable disc so that 
the latter is nonrotatable but axially slid- 70 
able relative to the housing. This housing 
is provided with a plurality of partitions 
corresponding to the number of partitions on 
the shaft and extending radially inwards. The 
two sets of partitions together with the shaft 75 
and the housing are associated with each other 
to form closed pressure chambers to which 
the pressure fluid may be supplied from the 
control element of the hydraulic control 
mechanism through longitudinal and radial 80 
bores in the gear shaft. The pressure of the 
pressure fluid prevailing in these pressure 
chambers thus produces a torque which is 
transmitted from the housing of the rotary 
piston directly to the axially movable disk. 85 
For this purpose, the connection between this 
disk and the housing of the rotary piston is 
also designed so that both of them are non- 
rotatably connected to each other but are 
capable of moving in the axial direction rela- 90 
tive to each other. .The axial bearing forces 
at the driving side of the gear are in this case 
produced solely by the mechanical pressure- 
applying devices in the manner as described. 

In order to relieve the pressure-applying 95 
device on the acting driving shaft of these 
axially effective bearing forces, it has been 
found advisable to surround the housing of 
the rotary piston by a cylinder which is 
secured to the axially movable disk and is 1Q0 
connected to the housing so as to connect 
the latter to the disk in the manner above 
described. The cylinder and the housing to- 
gether form a closed pressure chamber which 
may then be supplied through a bore in the inc 
shaft with the pressure fluid which is supplied 
to the pressure chambers of the rotary piston. 
This pressure fluid therefore also exerts an 
axial force directly upon the axially movable 
disk which, supports the operation of the pres- no 
sure-applying device for producing the neces- 
sary bearing forces. 

preferred embodiment of the hydraulic 
turning device which may be very easily pro- 
duced consists of a coarse screw thread on 115 
the gear shaft and a threaded housing which 
is in mesh with the screw thread on the shaft 
and is rotatable and longitudinally slidable 
relative to the gear shaft. This threaded hous- 
ing together with the gear shaft forms a 120 
closed pressure chamber to which the pressure 
fluid is supplied through a bore in the gear 
shaft. This housing is connected to the axially 
slidable disk so that the latter is nonrotatable 
but axially slidable relative to the housing. 125 
The housing may also in this case be sur- 
rounded by a cylinder which is secured to the 
axially movable disk and connected to the 
housing so as to connect the housing to the 
disk in the manner above mentioned. The 130 
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cylinder and the housing together form a 
second closed pressure chamber which is^ con- 
nected by a passage with the first-mentioned 
pressure chamber so that the pressure fluid 

5 can flow from the latter into the additional 
pressure chamber and exert therein an axial 
force directly upon the axially movable disk in 
accordance with the strength of the pressure 
of the pressure fluid. Especially the pressure- 

10 applying device on the driving shaft is there- 
fore partly relieved of the load of producing 
the axial bearing forces. 

The objects, features, and advantages of the 
present invention will become more clearly 

15 apparent from the following detailed descrip- 
tion thereof which is to be read with reference 
to the accompanying drawings, in which: — 
Figure 1 shows a diagrammatic illustration, 
partly in a longitudinal section, of a gear 

20 according to a first embodiment of the in- 
vention; 

Figure 2 shows a cross section taken along 
line II— II of Figure 1; 

Figure 3 shows a view similar to the upper 

25 part of Figure 1 of one set of conical pulley 
disks and its associated elements according to 
a modification of the invention; while 

Figure 4 shows a view similar to Figure 3 
of another modification of the invention. 

30 The three preferred embodiments of the 
invention as illustrated in the drawings differ 
from each other merely by structural details 
of the rotary piston. Therefore, those parts in 
the drawings which are substantially similar 

35 to each other are identified by the same 
reference numerals. Figures 3 and 4 are to be 
read with reference to the lower part of Figure 

The infinitely variable gear as illustrated 

40 diagrammatically in Figure 1 comprises two 
equal sets of conical disks 3 3 4, and 5, 6 which 
are rotatably mounted in a gear housing, not 
shown. One set 3 and 4 of these disks is 
carried by a gear shaft 1 and the other set 5 

45 and 6 by a gear shaft 2. Disks 4 and 6 are 
mounted on shafts 1 and 2 so as to be 
rotatable and axially slidable relative thereto, 
while disks 3 and 5 are mounted on the hubs 
of disks 4 and 6 so as to be nonrotatable rela- 

50 tive thereto. Each disk 3 and 5 bears through 
a thrust ball bearing 7 or 8 against a flange 9 
or 10 on the respective gear shaft and^ is thus 
prevented from yielding in the axial direction. 
The two sets of disks 3, 4 and 5, 6 on shafts 

55 1 and 2 are connected to each other by an 
endless flexible driving member in the form of 
a link chain 11. The transmission ratio of 
such a gear may be infinitely varied in a known 
manner by reducing the axial distance between 

60 disks 3 and 4 and by increasing at the same 
time the axial distance between disks 5 and 
6 so that chain 11 runs between disks 3 and 4 
along a larger radius and between disks 5 and 
6 along a smaller radius, or vice versa. 

65 The end surfaces 12 and 13 of the axially 



movable disks 4 and 6 are provided with cam 
tracks 14 and 15 of a helical shape of a vary- 
ing pitch extending in one direction. Corres- 
ponding helical surfaces 16 and 17 are pro- 
vided in the end surfaces of cam rings 18 and 70 
19 which are rigidly secured to shafts 1 and 2. 
Balls 20 are inserted between the opposite cam 
tracks 14 and 16 on shaft 1 and balls 21 
betv/een cam tracks 15 and 17 on shaft 2. 
These balls are retained in position by a ball 75 
cage 22 or 23, respectively. In the particular 
embodiment of the invention as illustrated, the 
opposite end surfaces of the associated conical 
disks and cam rings are equally divided to 
form three of these cam tracks and therefore 80 
also contain three balls. The gear as illustrated 
is designed for only one direction of rotation 
and the helical surfaces 14, 16 and 15, 17 
therefore ascend only in one direction. 

Each of shafts 1 and 2 also carries a rotary 85 
piston 24 or 25, respectively. As illustrated 
particularly in Figure 2, these rotary pistons 
have a plurality — in this case three — 
radially extending partitions 26 or 27 which 
are rigidly secured to shaft 1 or 2, respectively, 90 
and are enclosed by a housing 28 or 29 which 
closely surrounds partitions 26 or 27 and is, 
in turn, provided with radial inwardly extend- 
ing partitions 30 or 31 which together with 
partitions 26 or 27 form pressure chambers 95 
32 or 33 for a pressure fluid which is supplied 
in these chambers through longitudinal bores 
34 or 35 and radial bores 36 or 37 in shaft 
1 or 2, respectively. Figure 1 illustrates that 
the pressure of the pressure fluid in chambers 100 
32 exerts a torque in the direction of the 
arrow M a upon housing 28 of piston 24 on 
shaft 1. The size of this torque depends merely 
upon the size of the fluid pressure. 

As merely indicated diagrammatically in 105 
Figure 1 each housing 28 or 29 is mounted on 
shaft 1 or 2 so as not to be axially slidable 
relative to the rotary piston 24 or 25, res- 
pectively. The axially movable disks 4 and 6 
are provided with sleeves 38 and 39 which 110 
extend over the housings 28 and 29 respec- 
tively and, through keys on the sleeves engag- 
ing in keyways in the housings as shown, con- 
nect the latter respectively to the disks 4 and 
6 so that each housing is rotatable with but not 1 15 
rotatable relative to the associated disk and 
the connecting sleeve 38 or 39 of the latter is 
slidable in the axial direction relative to the 
housing. 

The hydraulic control mechanism of the j20 
gear consists of a gear pump 40 which is 
adapted to draw a pressure fluid, for example, 
oil, from a container 41 and to feed the same 
to a distributing slide valve 42. This container 
41 may at the same time form the oil sump 125 
of the infinitely variable gear. The feed pipe 
line between pump 40 and slide valve 42 con- 
tains a pressure relief valve which limits the 
maximum feed pressure of gear pump 40. Any 
excess in pressure fluid may then flow back to 330 
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the oil container or sump 41 through the re- 
turn pipe line 43. The distributing slide valve 
42 has a cylindrical housing 44 in which a 
piston rod 45 with four pistons 46a to 46d is 
5 slidable in the axial direction. Together with 
valve housing 44, these four pistons form 
three cylinder chambers 47, 50, 51. The central 
cylinder chamber 47 between pistons 46b and 
46c is supplied with the pressure oil from 

10 pump 40 through a central inlet port pro- 
vided in valve cylinder 44 communicating 
with chamber 47. When the piston rod 45 is in 
its central position as is shown in Figure 1, the 
two pistons 46b and 46c respectively lie oppo- 

15 site and are surrounded by annular recesses 48 
and 49 provided in the wall of the valve 
cylinder 44, each recess being of a width 
slightly greater than the width of the respec- 
tive piston so that in this position of the piston 

20 rod there is an annular gap at each side of 
each piston 46b, 46c between the piston and 
the wall of cylinder 44, establishing communi- 
cation, on the one side, between the chamber 
47 and the recesses 48 and 49 3 and, on the 

25 other side, between the recesses and the 
chambers 50 and 51 respectively, as shown 
diagrammatically in Figure 1. Therefore, when 
the piston rod 45 is in this central position, 
the pressure oil entering the central chamber 

30 47 may flew from that chamber through the 
annular gaps at that side of pistons 46b and 
46c into the annular recesses 48 and 49 and 
thence through the annular gaps at the other 
side of these pistons into the two lateral 

35 chambers 50 and 51, from which the oil may 
then return to the oil sump 41 through outlet 
ports for these chambers provided in valve 
cylinder 44 and through return pipe lines 52 
and 53 in which a pressure relief valve 54 is 

40 inserted which is generally adjusted to a very 
small opening pressure. 

The two annular recesses 48 and 49 com- 
municate with ports in the valve cylinder 44 
which are respectively connected by pipe lines 

45 55 and 56 to the bores 34, 36 and 35, 37 in 
shafts 1 and 2 and thus to the pressure 
chambers 32 and 33 of the two rotary pistons. 
When the piston rod 45 is in its central posi- 
tion, the pressure in pressure chambers 32 and 

50 33 is determined by the particular setting of 
the pressure relief valve 54. 

On the outer end of piston rod 45 a two- 
armed lever 60 is pivotably connected. One 
? nd 61 of this lever 60 is ada Pted to be moved 

55 back or forth from the outside, for example, by 
hand or by a servo-control mechanism, while 
the other end 62 engages in an annular groove 
63 which is provided in the peripheral surface 
of the axially movable conical disk 6. Move- 

60 ment applied to the end 61 pivots the lever 60 
about its other end 62. 

The manner of operation of the gear as 
above described is as follows : Assuming that 
the gear is in the position as illustrated in 

65 Figure 1, in which its transmission ratio is 



approximately 1 : 1, that piston rod 45 is in 
its central position, and that the gear is driven 
on its shaft 1 in the direction of the arrow n 2 , 
for example, by an engine, a torque will act 
upon this drive shaft 1 in the direction of the 70 
arrow M-.. The driven shaft 2 which is then 
rotated in the direction of the arrow n 2 fa 
assumed to drive a machine which for this 
purpose requires a certain torque which will 
then act upon shaft 2 in the direction of the 75 
arrow M 2 . 

When a torque is being transmitted from 
the pair of conical disks 5, 6 to the driven 
shaft 2, a tangential force acts upon the cam 
tracks 15 and 17 whereby a bearing pressure 80 
is exerted from the conical disks upon chain 
11 which is proportional to the torque and in 
accordance with the respective inclination of 
the helical surfaces of these cam tracks. Chain 
11 is thereby moved radially outwards for a 85 
short distance between disks 5 and 6 which 
has the result that the chain will enter more 
deeply between the conical disks 3 and 4 on 
shaft 1. The axially movable disk 6 is thus 
moved in the axial direction towards the fixed 90 
disk 5. This axial movement of disk 6 en- 
trains die end 62 of the two-armed lever 60 
toward the left of the drawing, causing that 
lever to pivot about its other end 61 and 
thereby shift the piston rod 45 toward the left 95 
in valve cylinder 44. 

It may be pointed out at this time that the 
movements of the individual components 
relative to each other are extremely small and 
will produce practically no change in the trans- 100 
mission ratio of the gear. Thus, for example, 
if piston rod 45 is shifted for only 1/10 mm 
towards the left in the manner as described, 
the flow of the pressure oil into the central 
cylinder chamber 47 of slide valve 42 will be 105 
shut off from entering into the annular recess 
49, while at the same time the flow of the 
pressure oil into the annular recess 48 will be 
increased but its passage from recess 48 into 
the cylinder chamber 50 will be shut off by 110 
piston 466 which closes the annular gap 
between recess 48 and chamber 50. This has 
the result that in line 56 which leads from the 
annular recess 49 to the rotary piston on the 
driven shaft 2 only a low pressure remains 115 
which is essentially determined by the par- 
ticular setting of the pressure relief valve 54. 
Line 55 which leads from the annular recess 
48 to the rotary piston 24 on shaft 1, however, 
then contains a considerably increased pressure. 120 
This pressure which also becomes active in the 
pressure chambers 32 of the rotary piston 24 
produces a torque which tends to turn the 
housing 28 of the rotary piston relative to 
shaft 1 in the direction of arrow M l5 as indi- 125 
cated in Figure 1. This torque as supplied by 
the rotary piston 24 and the tendency of ro- 
tation therefore corresponds to the direc- 
tion of arrows n x and M 1 on shaft 1. By means 
of the coupling sleeve 38 also the conical disks 130 
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3 and 4 on shaft 1 are rotated under the action 
of this torque in the direction of the arrows 
n L and Mi. Such a rotation relative to shaft 
1 can, however, occur only if balls 20 of the 
5 pressure-applying device on shaft 1 will climb 
up along the cam track 14 and 16 so that the 
axially movable disk 4 will be shifted in the 
axial direction toward the fixed disk 3. This 
movement is, however, prevented by the chain 
10 11 which runs between disks 3 and 4 and 
which already tends to enter more deeply 
between them as the result of the axial bearing 
pressure which is applied on the other shaft 2. 
Thus, between the axial bearing pressure 
15 which is exerted upon the conical disk 6 and 
is produced on shaft 2 by the mechanical 
pressure-applying device 19, 21, 13, and the 
axial bearing force which acts upon the 
conical disk 4 through chain 11 a state of 
20 equilibrium is formed which is maintained by 
extremely small axial displacements of the 
movable disk 6 by means of the hydraulic 
control mechanism. On the driving side of the 
gear, the full amount of the driving torque 
25 Mi will then be transmitted directly to the 
conical disks 3 and 4 by means of the 
hydraulic force which acts in the pressure 
chambers 32 of the rotary piston. The pur- 
pose of the pressure-applying device on shaft 
30 1 is solely to produce an axial bearing force 
which is equal to the spreading force which is 
exerted by chain 11 upon the disk 4 and which 
therefore maintains disk 4 in the particular 
axial position as required by the selected trans- 
35 mission ratio. 

The rotary piston on shaft 2 is relieved of 
its load hydraulically even though — because 
of the pressure relief valve 54 — a small 
residual pressure remains in its pressure 
40 chambers. The torque M 2 which acts from the 
driven machine upon shaft 2 is transmitted 
through the pressure-applying device 19, 21, 
13 upon the conical disks 5 and 6, whereby 
at the same time an axial bearing pressure is 
45 produced which presses the conical disks 5 
and 6 against the chain 11. The size of this 
axial pressure is determined by the torque M 2 
which acts upon shaft 2, and also by the par- 
ticular angle of inclination of the cam tracks 
50 15 and 17 on which balls 21 engage at this 
particular moment. This specific location of 
balls 21, in turn, determines the position of 
chain 11 between the two pairs of disks 5, 6 
and 3, 4 and thus the transmission ratio of 
55 the gear. The bearing pressure is therefore also 
dependent upon the particular selected trans- 
mission ratio. 

Assuming that the torque M 2 acting upon 
the driven shaft 2 suddenly increases, for 
60 example, to twice its amount, the axial bear- 
ing pressure will also become twice as strong 
and, as the result of this greater axial pres- 
sure, chain 11 will then try to move radially 
outwardly between the disks 5 and 6. This, in 
65 turn, causes the axially movable disk 6 to shift 



toward the left, whereby a steep pressure in- 
crease immediately results in the rotary piston 
24 since the piston rod 45 is then also moved 
toward the left. Thus, a considerably stronger 
torque acts upon the conical disk 4 with the 70 
result that disk 4 will tend to run ahead of 
shaft 1 and therefore also of the cam ring 18. 
Balls 20 then have the tendency to climb up 
on the cam surfaces whereby, in accordance 
with the increased spreading force of the 75 
chain, disk 4 will be pressed with great force 
toward disk 3 and will thus be braced. This 
only requires an extremely small displacement 
of disk 6 toward the left of the drawing before 
the equilibrium is reestablished between twice 80 
the amount of pressure on the driven shaft 
2 and the increased torque demand on the 
driving shaft 1. The transmission ratio of the 
gear then remains practically unchanged. 
Obviously, the same is true if the torque de- 85 
mand on shaft 2 diminishes. 

An arbitrary change in the transmission ratio 
may be produced by moving the end 61 of 
the two-armed lever 60. If this end 61 is 
moved, for example, toward the left of the 90 
drawing, pivoting the lever 60 about its end 
62 and thereby shifting the piston rod 45 
toward the left, an increased pressure will be 
produced in the rotary piston 24 on shaft 1 
with the result that the axially movable disk 95 
4 will be driven with a greater torque and 
will run ahead of the shaft 1 and therefore be 
pressed by the pressure-applying device (when 
balls 20 run upwardly) toward the right with a 
greater force than previously with the result 100 
that the chain will run between disks 3 and 4 
on the driving shaft along a larger radius and 
will enter more deeply between disks 5 and 6. 
The consequent axial movement of disk 6 
toward the right of the drawing entrains the 105 
end 62 of the lever 60, pivoting the lever about 
its end 61 and thereby shifting the piston rod 
45 toward the right, resulting in a return of 
the slide valve to its normal position. Thus, 
whenever a new transmission ratio is set up, 110 
a new state of equilibrium will be attained 
between the bearing pressure on shaft 2 and 
the counteracting force on shaft 1. Obviously, 
the same applies if the transmission ratio is 
changed in the other direction. 115 

When applying such a gear in actual practice 
it frequently occurs that the machine which is 
to be driven by shaft 2 and which exerts a 
braking force with the torque M 2 upon this 
shaft will suddenly start to drive the gear on 120 
shaft 2. If the gear is installed, for example, 
in a motor vehicle, the vehicle engine will 
drive the shaft 1 when driving uphill, while 
the driving wheels of the vehicle will be driven 
by shaft 2. If the vehicle thereafter runs down- 125 
hill the vehicle will drive the gear on shaft 2 
and thus also the engine through shaft 1. 
The direction of the torque has therefore 
been reversed, shaft 2 has then become the 
drive shaft and the torque acts thereon in the 130 
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direction as indicated in Figure 1 by the dotted 
arrow M 2 \ while shaft 1 has become the 
driven shaft and a torque acts thereon in the 
direction of the dotted arrow M/. As the 
5 result of the arrangement and combination of 
the cam rings, the rotary pistons, and the 
hydraulic control mechanism, as previously de- 
scribed, the gear will in such a case operate as 
follows : 

10 Shaft 2 and dius the cam ring 19 which is 
rigidly secured thereto tends- to run ahead of 
the pair of conical disks 5 and 6 with the 
result that the balls 21 run for a short dis- 
tance downwardly along the cam tracks 15 and 

15 17. This permits the axially movable disk 6 to 
move toward the right of the drawing and 
chain 11 to enter slightly deeper between disks 

5 and 6 so that it will then take up a larger 
radius between disks 3 and 4. In yielding 

20 toward the right on shaft 2, disk 6 takes along 
the two-armed lever 60 of the hydraulic con- 
trol mechanism, whereby the flow of pressure 
oil from the cylinder chamber 47 to line 55 
and thus to the rotary piston 24 on shaft 1 is 

25 shut off, while at the same time the pressure 
oil can enter into the annular recess 49 and 
thus flow to line 56 and to the rotary piston 
25 on shaft 2. The pressure in the pressure 
chambers 32 of the rotary piston 24 on shaft 

30 1 will thus drop almost to zero so that no 
further torque can be exerted by piston 24 
upon disk 4 but the torque will then be 
transmitted from shaft 1 through the cam ring 
18 and balls 20 to disk 4. The pressure-apply- 

35 mg device, while being in the same position 
as previously therefore now transmits the 
torque M, 1 of the driven side of the gear, 
while the rotary piston 25 which was pre- 
viously not running under load on shaft 2, 

40 which now forms the drive shaft, transmits the 
torque to the axially movable disk 6. This 
conical disk 6 which is thus driven by the 
rotary piston tends to run ahead of the shaft 
so that balls 21 of the pressure applying 

45 device on shaft 2 again tend to run upwardly 
on the cam tracks 15 and 17, whereby disk 

6 will be shifted axially toward the left of 
the drawing and the chain 11 3 which pre- 
viously had penetrated more deeply between 

50 disks 5 and 6, will again be pressed outwardly 
until a state of equilibrium is again attained 
between the bearing pressure, which is 
mechanically produced by the pressure-apply- 
mg device 18, 20, 12 on shaft 1, and the bear- 

55 ing force which is produced by the rotary 
piston 25 and the pressure-applying means 19, 
21, 13 on shaft 2. This operation only required 
extremely small relative movements between 
the cam rings 18 and 19 on shaft 1 and 2 

60 and the respective axially movable conical 
disks 4 and 6. At a reversal of the torques, 
the pressure - applying devices therefore do 
not have to travel such a long distance as in 
the conventional gears of this type which in 

65 some cases amounted up to 100° until they 



reached their new positions on inversely 
directed cam tracks. Consequently, the sudden 
impacts as occurred previously when the 
torques were reversed are also avoided. 
Furthermore, at such times the chain of a gear 70 
according to the present invention also remains 
constantly under a bearing pressure which cor- 
responds to the size of the torque and the 
selected transmission ratio. 

Figure 3 illustrates one set of conical disks 75 
with its associated elements according to a 
modification of the invention which differs only 
in minor respects from the embodiment accord- 
ing to Figure 1. The connecting sleeve 38 
between the housing 28 of the rotary piston 80 
and the conical disk 4, as shown in Figure 1, 
is in this embodiment replaced by a cylinder 
70 which is secured to the conical disk 4 but 
is likewise connected to the piston housing 28 
so as to be nonrotatable but axially slideable 85 
relative thereto. By means of a sealing ring 
71, a pressure chamber 72 is formed in 
cylinder 70 which is closed at one side by 
disk 4 and at the other side by the piston 
housing 28. The pressure oil is conducted 90 
through the longitudinal bore 34 and the radial 
bores 36 in shaft 1 not only to the pressure 
chambers 32 of the rotary piston 24, but also 
through a further radial bore 73 to the pres- 
sure chamber 72. In this case, the oil pressure 95 
in the pressure chambers of the rotary piston 
24 therefore produces a torque which is trans- 
mitted to the axially movable disk 4 in the 
same manner as previously described. At the 
same time, however, the oil pressure in the 100 
pressure chamber 72 also produces an axial 
force upon the movable disk 4 in the direction 
toward the fixed conical disk 3 with the result 
that, by the production of the bearing force 
acting upon disk 4, the pressures-applying 105 
device 18, 20, 12 will be partly relieved of ill 
load. Ihe same construction as just described 
applies of course not only to the elements on 
shaft 1 but also to those on shaft 2. The man- 
ner of operation of this embodiment is also the 110 
same as described with reference to Figures 1 
and 2, except that in this case the pressure 
fluid also exerts on the respective driving side 
of the gear an additional axial bearing force 
upon the movable conical disk in order to re- 115 
lieve the associated pressure-applying device 
partly of the load acting thereon. 

A further modification of the rotary piston 
is illustrated in Figure 4 which also shows, 
partly in longitudinal section as in Figure 3, 120 
the set of conical disks and its associated ele- 
ments on shaft 1. In this embodiment of the 
invention, the rotary piston 80 does not — 
as in the embodiments according to Figures 1 
to 3 — consist of pressure chambers which are 125 
formed by partitions projecting radially out- 
wards from the shaft and associated parti- 
tions extending radially inwards from the 
piston housing, but consists of a coarse thread 
81 on shaft 1 and a threaded housing 82 which 130 
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is in mesh with thread 81 on the shaft and is 
also mounted on the shaft so as to be rotatable 
and axially slidable relative thereto, and which 
is also sealed by a gasket 83 relative to the 
5 shaft so that a pressure chamber 84 is formed. 
Similarly as in the embodiment according to 
Figure 3, the axially movable disk 4 has again 
a cylinder 85 secured thereto to which the 
threaded housing 82 is connected so as to be 
10 nonrotatable but axially slidable relative 
thereto. Cylinder 85 is also sealed toward the 
outside by a gasket 86 and thus forms a further 
pressure chamber 87. The pressure oil which 
is supplied by the hydraulic control mechanism 
15 may enter into pressure chamber 84 through a 
longitudinal bore 88 and a radial bore 89 in 
shaft 1. This pressure chamber 84 in the 
threaded housing 82 communicates with the 
pressure chamber 87 in cylinder 85 through 
20 one or more bores 90. If the pressure in the 
pressure chambers 84 and 87 increases, for 
example, by a change in the position of the 
slide valve 45 (as shown in Figure 1), the 
threaded housing 82 will be moved toward the 
25 left in Figure 4 and will thereby be turned in 
a clockwise direction on the coarse thread 81 
on shaft 1. This rotation is then transmitted 
through cylinder 85 to the axially movable 
disk 4 so that similarly as in the embodiments 
30 previously described a torque is transmitted 
also in this case from the rotary piston 80 
directiy to the axially movable disk on the 
respective driving shaft. Also similarly as in 
the embodiment according to Figure 3, the 
35 pressure in the pressure chamber 87 produces 
at the same time an axial force which partly 
relieves the pressure-applying means on the 
respective driving shaft of the load resulting 
from the bearing pressure which is exerted by 
40 them upon disk 4. The other set of conical 
disks with its associated elements on shaft 2 
are of the same construction as above de- 
scribed and, except for the mentioned dif- 
ferences in the function of the rotary piston, 
45 the manner of operation of this gear is also 
the same as described in detail with reference 
to Figure 1. This last - mentioned embodi- 
ment of the invention according to Figure 4 
may be built and assembled relatively easily 
50 and it is therefore preferred in actual practice. 
WHAT WE CLAIM IS : — 
1. An infinitely variable gear having two 
sets of conical pulley disks, each set consist- 
ing of a pair of conical disks of which one is, 
55 fixed and the other is movable in the axial 
direction on a gear shaft carrying the set, an 
endless flexible driving member connecting 
the two sets of conical disks, a mechanical 
pressure-applying device for producing the 
60 axial bearing forces required for the transmis- 
sion of the frictional force between the conical 
disks and said driving member in response to 
the load acting upon the respective driven shaft 
and to the particular transmission ratio of the 
65 gear, and further having a hydraulic control 



mechanism for arbitrarily adjusting the trans- 
mission ratio, and a control element for deter- 
mining the pressure of the pressure fluid in 
accordance with the axial displacement of one 
of the axially movable disks which varies, with 70 
a change in load, characterized in that, in 
order to permit each gear shaft to be used 
alternatively either as a drive shaft or as a 
driven shaft, each set of disks is provided with 
a separate mechanical pressure-applying device 75 
for a given direction of rotation having cam 
tracks of only one pitch direction, and each 
set of disks is provided with a separate 
hydraulic turning device for transmitting to 
the set of disks the torque from the associated 80 
shaft when the latter functions as the drive 
shaft, the hydraulic turning device being 
operable by the hydraulic control mechanism 
and so as to act in a direction opposite to the 
direction in which the cam tracks of the « 
mechanical pressure-applying device of that 
set of disks would be required to work if said 
tracks had to transmit the torque from that 
shaft functioning as the drive shaft to that set 
of disks functioning as the driving disks, the w 
hydraulic turning device and the mechanical 
pressure-applying device of each set of disks 
being connected, on the one hand, to the asso- 
ciated shaft, and, on the other hand, to the 
axially movable disk of the set, the arrange- 95 
ment being such that the torque on the set of 
disks functioning as the driven set is trans- 
mitted solely by means of the mechanical 
pressure-applying device thereof from these 
disks to the shaft and the torque on the set of 100 
disks functioning as the driving set is trans- 
mitted solely by means of the hydraulic turn- 
ing device thereof from the shaft to those 
disks, and such that a part of the tangential 
force produced in the hydraulic turning device 105 
of the driving set of disks by the control 
mechanism acts upon the mechanical pressure- 
applying device of that set of disks and by 
means of that pressure-applying device pro- 
duces a bearing force effective in the axial HO 
direction which through the said flexible driv- 
ing member of the gear is held in a state of 
equilibrium with the axial force produced by 
the mechanical pressure-applying device of the 
driven set of disks. 115 

2. An infinitely variable gear as claimed 
in claim 1, wherein each hydraulic turning 
device is in the form of a rotary piston con- 
sisting of a plurality of partitions which are 
uniformly distributed on the periphery of the 120 
associated gear shaft and project radially 
therefrom and are enclosed by a housing which 
closely surrounds said partitions and is rotat- 
able but axially fixed relative to said gear 
shaft and is connected to the axially movable 125 
disk of the associated set of disks so that the 
said disk is nonrotatable but axially movable 
relative to said housing, said housing having 
a plurality of partitions which correspond in 
number to said partitions on said shaft and 130 
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extend radially inward therebetween so that 
said partitions on said shaft and on said hous- 
ing together form closed pressure chambers 
to which lead bores provided in said shaft for 
supply of pressure fluid to said chambers, from 
the control element of the hyraulic control 
mechanism. 

3. An infinitely variable gear as claimed in 
claim 2, wherein said housing is connected to 
said axially movable disk by a cylinder secured 
to said ^ disk and surrounding said housing, 
said cylinder and said housing together form- 
ing a closed pressure chamber to which leads a 
bore provided in said shaft for supply of pres- 
sure fluid to said chamber for exerting an 
axial force directly upon said axially movable 
disk. 

4. An infinitely variable gear as claimed in 
claim 1 3 wherein each hydraulic turning device 
comprises a coarse screw thread on the asso- 
ciated gear shaft and a threaded housing which 
is in mesh with said screw thread and is rotat- 
able and longitudinally slidable relative to said 
shaft and is connected to the axially movable 
disk ol the associated set of disks so that said 
disk is nonrotatable but axially slidable rela- 
tive to said housing, said housing together with 
said shaft forming a closed pressure chamber 
to which leads a bore provided in said shaft 
for supply of pressure fluid to said chamber 
from the control element of the hydraulic con- 
trol mechanism. 



5. An infinitely variable gear as claimed 
in claim 4, wherein said housing is connected 

to said axially movable disk by a cylinder 35 
secured to said disk and surrounding said 
housing, said cylinder and said housing to- 
gether forming a second closed pressure 
chamber which communicates with the first- 
mentioned pressure chamber formed by said 40 
housing and said shaft through one or more 
passages provided between the two chambers 
for supplying the pressure fluid to said second 
pressure chamber for exerting an axial force 
directly upon said axially movable disk. 45 

6. An infinitely variable gear substantially 
as hereinbefore described with reference to 
and as illustrated in Figures 1 and 2 of the 
accompanying drawings. 

7. A modification of an infinitely variable 50 
gear as claimed in claim 6 3 substantially as 
hereinbefore described with reference to and 

as illustrated in Figure 3 of the accompanying 
drawings. 

8. A modification of an infinitely variable 55 
gear as claimed in claim 6 3 substantially as 
hereinbefore described with reference to and 

as illustrated in Figure 4 of the accompanying 
drawings. J 1 " 
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